Individuals who experience greater stimulation and less sedation from alcohol are at increased risk for alcohol-related problems. However, little is known regarding the neurobiological mechanisms underlying subjective response to alcohol. The current study examined the degree to which alcohol-induced brain activation correlates with ratings of stimulation and sedation, using a withinsubjects, double-blind, placebo-controlled design. Participants (N = 34 healthy adults with no history of alcohol use disorder) completed three sessions: a calibration session to determine the duration of infusion needed to bring the breath alcohol to 80 mg/ dl for each subject, and two counterbalanced fMRI sessions with placebo and alcohol administration. During the fMRI sessions, participants underwent 50 min scans, which included a 10 min baseline period, the IV infusion period needed to bring breath alcohol concentration (BrAC) to a peak 80 mg/dl (on the alcohol session), followed by a post-peak decline period. Participants rated their subjective stimulation and sedation at regular intervals throughout the scan. A priori VOI analyses showed that the time course of stimulation correlated with BOLD signal in the striatum. The time course of sedation did not correlate with BOLD signal in any VOIs. There were no correlations in primary visual cortex, which served as a control. These findings are the first to show that alcohol effects in the striatum are linked to the positive, stimulant-like effects of the drug and advance our understanding of the neurobiological mechanisms underlying individual differences in subjective responses to alcohol, and more broadly, risk for alcohol use disorders.
INTRODUCTION
Alcohol is one of the most widely used psychoactive substances in the world, yet only a subset of individuals who drink alcohol develop alcohol use problems. For example, 86.4% of Americans ages 18 or older reported that they drank alcohol at some point in their lifetime, while only 6.2% developed alcohol use disorders (AUDs) [1] . There is an urgent need to identify those factors that put some drinkers at greater risk for developing alcohol use problems, particularly neurobiological factors. One important approach is to study individual differences in behavioral or physiological responses to acute doses of alcohol [2] . Related to this, several investigators have studied individual differences in the subjective rewarding effects of the drug, which are typically related to its stimulant-like effects [3, 4] . Understanding the brain processes involved in individual differences in the subjective rewarding effects will set the stage for brain-based prevention and treatment efforts.
There is some evidence that self-report measures of subjective intoxication are related to alcohol-induced changes in brain function. Using positron emission tomography (PET), Yoder et al. [5, 6] showed that individuals who reported greater feelings of "intoxication" and "high" also displayed greater alcohol-induced increase in dopamine release in the striatum (although Boileau et al. [7] did not observe this relationship in a smaller sample). Using task-based functional magnetic resonance imaging (fMRI), participants who reported greater alcohol-induced subjective intoxication also exhibited greater alcohol-induced increase in striatal BOLD activation while viewing faces [8, 9] . Taken together, these studies suggest that greater activity in the striatum is related to subjective alcohol intoxication.
Despite these promising preliminary findings, little is known about brain responses in relation to either the quality (i.e., stimulant-like vs. sedative-like) of subjective effects of alcohol, or their time course. Alcohol produces both stimulant and sedative effects, each of which have been related, sometimes in conflicting ways, to risk for alcohol-related problems [2, 4, 10] . There is growing evidence that problematic alcohol use is associated with greater sensitivity to stimulant effects and lesser sensitivity to sedative effects [3, 11, 12] . It is also widely recognized that the effects of alcohol are biphasic and vary across the time course of brain exposure to alcohol. Stimulant responses tend to occur earlier in a drinking episode, as breath alcohol concentration (BrAC) is rising, whereas sedative responses tend to occur later in a drinking episode, while BrAC is falling [10] . To date, the studies of alcohol-induced brain activity have failed to characterize either the quality (stimulant vs. sedative) or time course of the alcohol response.
To address this gap, in the present study we administered alcohol intravenously (IV; [13] ) during a 50 min fMRI scan. The IV route was used to maintain control over brain alcohol exposure by monitoring breath alcohol level, and to track the time course of effects during the onset, peak, and descending limb. Importantly, the alcohol administration protocol was individualized for each subject based on a pharmacokinetic (PK) determination of response to IV alcohol. Using an individualized protocol for reaching the peak level of alcohol at the targeted time in the scanner, we examined brain regions involved in subjective stimulation and sedation after alcohol compared to placebo. We focused our analyses within the striatum, as this region has been linked to subjective alcohol intoxication [5, 6, 8, 9] . Because striatal activation (using PET) is predominately associated with the positive, rewarding effects of stimulant drugs [14, 15] , we hypothesized that the time course of striatal BOLD signal would be more closely linked to the stimulant effects of alcohol than to the sedative effects. Finally, we conducted exploratory, hypothesis-free, whole brain analyses to identify additional potential brain regions linked to the stimulant and sedative effects of alcohol.
METHODS

Participants
Healthy men and women (N = 42, 74% male) were recruited without regard to race or ethnicity, using posters, newspaper and online advertisements. Inclusion criteria were: 21-35 years old, at least a high school education, fluency in English, body mass index between 19 and 26 kg/m 2 , no history of Major Axis I psychiatric disorders [16] , including drug or alcohol dependence, no history of cardiac or liver disease, no serious medical conditions, normal range electrocardiogram and blood pressure, and consuming 7-30 drinks/week with at least one binge (5 or more drinks on a single occasion for men, 4 for women) in the past month; the latter to avoid any adverse effects of the experimental alcohol exposure. Exclusion criteria were: night shift work, left-handedness, smoking >5 cigarettes per day, contraindication for MRI (e.g., claustrophobia, pacemaker), and a pronounced "flushing" reaction to alcohol.
Design
The study utilized a within-subjects, placebo-controlled design. There was a calibration session with single-blind administration of IV alcohol outside the scanner, followed by two scanning sessions with double-blind administration of placebo and alcohol in counterbalanced order. During the calibration session, we determined the infusion length needed to bring the breath alcohol to 80 mg/dl for each subject (infusion rate and infusate concentration were held constant for all subjects; see Infusion Procedure below). The sessions began at 12 pm and were at least 72 h apart (mean = 8.7 ± 1.2 days, max = 36 days). Connectivity analyses of fMRI data from the infusion end-point to10 min postinfusion have been presented elsewhere [17] .
Experimental procedure The protocol was approved by the University of Chicago Institutional Review Board for human participants. Experimental sessions were conducted at the Human Behavioral Pharmacology Laboratory (HBPL), the Clinical Research Center (CRC), and the Brain Research Imaging Center (BRIC) at the University of Chicago. Participants attended an orientation session to familiarize them with the study procedures. They gave written, informed consent. For blinding purposes subjects were told that the infusions could contain a stimulant (appetite suppressant), sedative (tranquilizer), opiate (analgesic), cannabinoid (marijuana-like drug), alcohol or placebo (inactive solution) [18] . Participants were instructed to abstain from alcohol and drugs for 24 h, and from caffeine and nicotine for 2 h, before the sessions, and to not eat after 10:00 am on the morning of sessions.
Participants provided breath and urine or saliva samples to detect recent alcohol and drug use or pregnancy in women (no one tested positive). They were then escorted to the CRC where a nurse inserted an intravenous catheter into an ante-cubital vein of the non-dominant arm for delivery of alcohol.
Infusion procedure. Infusion solutions were prepared by the Investigational Drug Service Pharmacy at the University of Chicago Medical Center and delivered using a pump (Hospira, Inc.) at the maximum rate (1998 ml/h). Alcohol infusate was 6% alcohol in 0.45% saline solution. Placebo infusate was 0.45% saline solution.
Calibration session. After pre-infusion vital signs were obtained, the pump was turned on and breath alcohol was sampled every 2 min until 80 mg/dl BrAC was attained, at which time the pump was turned off. To maintain the blind, subjects were told that breath samples taken with the "Drugalyzer" were tested for the presence of any drug metabolites. The infusion length needed to attain 80 mg/dl was recorded and used for the alcohol scanning session. The average infusion length for the sample was 14.1 ± 0.7 min (range = 8-26). Subjects completed questionnaires and vital signs were recorded every 10 min after infusions began, for 50 min. Finally, they were asked to indicate what drug they thought they received. BrAC was monitored and participants were allowed to leave the laboratory after it fell below 40 mg/dl (http://www.niaaa. nih.gov/Resources/ResearchResources/job22.htm#post).
Scanning sessions. Tubing from the infusion pump outside the scanning room passed through an opening in the wall and connected to the subject's iv catheter. Subjects were told to lie still and relax with their eyes open, and to alert the research assistant if they experienced any nausea (no one reported feeling nauseated). During the first 10 min, baseline BOLD data were collected. At 5 min, participants rated their stimulation and sedation. Infusions began 10 min after the start of the scan. Participants completed ratings at the infusion mid-point (BrAC ascending), at the end of the infusion (BrAC peak), and then at 5 min intervals until the end of the scan (BrAC descending). After all experimental sessions were completed, participants attended a separate debriefing session, where they were informed of the sessions they had received alcohol. They were compensated $300 for participation.
Dependent measures
Drinking characteristics. Subjects reported past month drinking using the Timeline Follow Back (TLFB; [19] ) and alcohol problems using the Alcohol Use Disorders Identification Test (AUDIT; [20] ).
Subjective drug effects. Subjects rated their stimulation and sedation using the following scales: "I feel stimulated right now (i.e., energized, excited, up)", and "I feel sedated right now (i.e., sedated, slow thoughts, sluggish)." The descriptors were taken from the Brief Biphasic Alcohol Effects Scale (B-BAES; [21] ) that retains the strong psychometric properties of the Martin et al. [22] original 14-item scale [23] . Participants viewed the scales on a projection screen and used a button box in their right hand to indicate how they felt. The scale ranged from 1 ("not at all") to 7 ("extremely"), with response options in increments of 1.
Imaging acquisition and processing. Images were acquired on a 3T Philips Achieva Quasar Dual 16-channel MRI scanner. A SENSE 8-channel head coil was used for reception of the MRI signal. A single-shot gradient echo EPI sequence was used with the following imaging parameters: TR/TE/flip angle = 4 s/30 ms/90°, slice thickness = 4 mm, slice gap = 0.5 mm, FOV = 228 mm, matrix size = 76 × 76, 35 slices covering the whole brain with five zshimmed slices covering the orbital frontal cortex region [24] . High-resolution T1-weighted anatomical images with 1 mm to the first image in the time series to reduce motion artifact using 3dvolreg within AFNI. Additionally, motion outliers were identified based on framewise displacement (FD; >0.5 mm) using FSL's motion outlier tool [26] , and then censored from analyses. Subjects were excluded if at least one of their scans showed motion >10 mm total displacement in any one direction (N = 7), or if >50% of volumes within any time point window (see below) were censored (N = 1). Neither maximum motion nor mean FD differed between alcohol and placebo scans prior to exclusion of subjects (mean maximum motion difference = 0.89 ± 1.0 mm, t(41) = 0.9, p = 0.4 and mean FD difference = 0.03 ± 0.17 mm, t(41) = 1.03, p = 0.31).
Data analyses
Subjective response analyses. Linear mixed effects models for repeated measures [27] were conducted in SPSS24 to test the degree to which alcohol increased ratings of stimulation and sedation relative to placebo during the scanning sessions. The models included random intercept, drug, and time effects to allow for individual differences in drug response and time trends, and to account for the correlation between repeated measurements. In addition, we created summary measures of alcohol subjective responses (Net peak change=peak change Alcohol-peak change Placebo) to assess relationships between alcohol effects and average drinks per week, infusion length, and drug order using correlation analyses and independent samples t-tests. We also compared alcohol effects on subjective response between participants included in the final sample and those excluded due to excessive motion using Welch's t-tests. fMRI analyses. Imaging data were temporally downsampled to the behavioral data by taking a windowed average including the 35 time points before and after the time of the subjective response measurement, resulting in a downsampled dataset at the same temporal resolution as the behavioral data. Data were not further temporally filtered. We chose this relatively long time period because subjective responses were slow-changing and averaging over a larger window allowed for better signal to noise ratio. The windows did not overlap for any time point. The downsampled fMRI data were voxel wise correlated with the subjective response data (across all time points) using AFNI's 3dfim+, with the resultant coefficients converted to z-scores using Fischer's transformation. The correlation maps were then coregistered to the participant's anatomical data and warped to MNI space, resampled to 2 mm isotropic voxels and smoothed with an 8 mm FWHM isotropic Gaussian kernel.
We compared correlation maps between the time course of subjective response ratings and the time course of BOLD signal following alcohol administration to those following placebo using paired t-tests. In order to control for typical alcohol consumption, we entered average drinks per week from the TLFB as a covariate. Based on previous associations between subjective alcohol response and striatal activity, we focused our analyses within three hypothesis-driven anatomically-focused bilateral (i.e., combination of left and right) striatal volumes of interest (VOIs): the nucleus accumbens, caudate, and putamen. We also included bilateral primary visual cortex to serve as a negative control VOI. The striatal VOIs were anatomically defined (AAL atlas) and created using MARINA (www.bion.de/eng/MARINA.php; [28] ). The primary visual cortex VOI (Brodmann area 17) was created using the WFU PickAtlas tool [29, 30] . We extracted parameter estimates/ß weights representing the correlation between BOLD signal and subjective ratings in z-scores from each VOI following alcohol and placebo and conducted paired t-tests in SPSS to compare the two drug conditions. We applied a Bonferroni correction across the four VOIs tested, and so the p-value was set at p < 0.0125. We also conducted exploratory, whole-brain analyses of correlations between BOLD signal and stimulation and sedation ratings using SPM12 (cluster-forming voxel-wise height of p < 0.001, k = 50). Statistical inferences were based on cluster level significance, corrected for family wise error (FWE, p < 0.05).
RESULTS
Participants
Most volunteers included in the analyses were male (76%) moderate drinkers (6.75-29 drinks/week) and in their midtwenties (Table 1) . They drank alcohol on average 16 days a month and engaged in binge drinking approximately once per week. Demographic characteristics of participants excluded due to motion did not differ significantly from those included in analyses.
Infusion characteristics Infusions lasted 14.1 ± 0.7 min inducing a mean peak BrAC of 81.9 ± 4.6 mg/dl. There was no significant difference between BrAC measured at the end of the laboratory (36.8 ± 1.4 mg/dL) and imaging sessions (37.2 ± 1.5 mg/dL) indicating similar peak BrACs and BrAC curves between sessions.
Correct guesses of drug received after each session were significantly greater than chance, i.e., 16.7% (calibration session = 41%, t(33) = 2.7, p < 0.05, scan 1 = 50%, t(33) = 3.8, p < 0.05; scan 2 = 62%, t(33) = 5.3, p < 0.05). Correct guesses after the alcohol scan (53%) were not significantly greater than after the alcohol familiarization session (41%, t(33) = 1.4, p = 0.18), and also did not significantly differ from correct guesses after the placebo session (59%, t(33) = 0.7, p = 0.5). Drug order did not significantly influence correct guesses after alcohol (t(32) = 0.7, p = 0.5) although correct guesses after placebo were significantly greater among individuals who received alcohol first (t(32) = 2.3, p < 0.05).
Subjective response Linear mixed effects models tested the degree to which alcohol increased ratings of stimulation and sedation relative to placebo during the scanning sessions (Table S1 ). Alcohol increased both stimulation and sedation, depending upon the time after administration (indicated by significant drug×time interactions; ts(33) > 2.7; ps < 0.05). Figure 1 shows the time course of stimulation and sedation following alcohol and placebo across the scanning sessions, along with BrACs from the calibration session. The time course of stimulation and sedation behavioral ratings closely followed changes in BrAC, with peak increases at the end of infusions followed by decreasing effects across descending BrAC. It seems paradoxical that the same drug would increase ratings of both stimulation and sedation. Therefore, we examined the patterns of these effects within subjects to determine whether there were separate subgroups of individuals who reported mainly one or the other effect. The result was mixed ( Figure S1 ). Some individuals reported mainly stimulation and some reported mainly sedation, whereas the majority reported both effects. Thus, it appears that stimulation and sedation are not simple opposites, but may refer to different components of alcohol effects that can occur concurrently.
There were no significant relationships between summary measures of alcohol subjective response and drinking frequency (stimulation: r = −0.19, p = 0.3, sedation: r = −0.07, p = 0.7) or infusion length (stimulation: r = 0.23, p = 0.2, sedation: r = 0.03, p = 0.9). In addition, drug order did not significantly influence subjective responses (stimulation mean difference = 1.4 ± 1.5; t(32) = 0.9, p = 0.4; sedation mean difference = −2.1 ± 1.6; t(32) = 1.3, p = 0.2). There were no significant differences in subjective response between participants who were included (N = 34) and excluded (N = 8) from analyses (sedation mean difference = −0.3 ± 2.0, t(10.1) = 0.2, p = 0.9; stimulation mean difference = −0.6 ± 2.3, t(8.7) = 0.2, p = 0.8).
fMRI analyses A priori VOI analyses: stimulation. Time course of stimulation was more highly correlated with BOLD signal following alcohol compared to placebo administration in two of the three a priori striatal VOIs (nucleus accumbens and putamen: ts(33) > 3.7, ps < 0.0125, but not caudate; Fig. 2 ). Figure 2 shows that correlations between striatal activity and stimulation ratings were observed only in the alcohol condition, and not following placebo. Importantly, stimulation ratings were not correlated with BOLD signal in primary visual cortex (p > 0.0125; Fig. 2 ), suggesting that stimulation ratings were specifically correlated with striatal regions known to be implicated in drug reward.
A priori VOI analyses: sedation. Correlations between sedation ratings and BOLD signal did not differ following alcohol compared to placebo in any of the a priori striatal or control VOIs (ps > 0.0125). ( Table 2 ; Fig. 3 ) in which correlations were stronger following alcohol compared to placebo. These included regions in the insula, inferior frontal gyrus, superior temporal gyrus, thalamus, cingulate gyrus, and cerebellum. Figure 3 illustrates the right insula and cingulate activation, demonstrating a stronger correlation between the time course of stimulation ratings and the time course of BOLD signal in these regions following alcohol compared to placebo. There were no regions where stimulation ratings were more strongly correlated with BOLD signal following placebo compared to alcohol. When the alcohol and placebo conditions were analyzed separately, correlations were observed in the alcohol condition only, and not in the placebo condition. Whole brain analyses: sedation. Exploratory whole brain analyses of correlations between BOLD signal and sedation ratings revealed one significant cluster (p FWE < 0.05, k = 196) for the alcohol>pla-cebo contrast. The cluster was located in the parietal lobe and included the inferior and superior parietal lobules. There were no significant findings for the placebo>alcohol contrast.
DISCUSSION
In this study, we sought to determine the neurobiological bases of individual differences in subjective responses to alcohol. We focused our analyses on the striatum, given the putative involvement of this region in drug reward [31, 32] . As hypothesized, BOLD signal strength in the striatum was correlated with subjective ratings of stimulation, but unrelated to sedation. Additional hypothesis-free whole brain analyses showed associations between stimulation and BOLD signal in the insula, inferior frontal gyrus, superior temporal gyrus, thalamus, cingulate gyrus, and cerebellum. The regions identified in the whole brain analyses will provide the basis for future hypothesis-driven tests of associations with alcohol-induced stimulation. Together, these findings have important implications for understanding neurobiological mechanisms underlying individual differences in subjective responses to alcohol, and more broadly, risk for AUD.
The finding that alcohol-induced striatal BOLD signal was related to stimulation but not sedation supports the notion that alcohol effects in the striatum give rise to the subjective rewarding effects of the drug. Indeed, the reinforcing effects of all drugs of abuse are thought to be due in part to drug-induced dopamine release in the striatum [31, 32] , suggesting a potential relationship between striatal activity and subjective drug reward. In line with this theory, both animal and human studies show that alcohol increases dopamine activity in the striatum [33] , and previous studies have linked striatal activation to alcohol intoxication [5, 6, 8, 9] . However, this is the first study to show that alcohol effects on striatal BOLD signal are specifically linked to the positive, stimulant-like effects of the drug, and not to the sedative effects, which are often rated as unpleasant [34] . Taken together, these findings strongly implicate activity in the striatum in alcohol reward in humans.
These findings provide important clues regarding how alcohol action in the brain leads to alcohol-related problems. There is considerable evidence that risk for AUD is greater in individuals who show heightened sensitivity to the stimulant effects of alcohol. Specifically, heavy drinkers show greater alcohol-induced stimulation [35, 36] , and greater stimulation predicts subsequent binge drinking and number of AUD symptoms [3, 37] . Even among young adults who have not yet developed AUD, greater stimulantlike subjective effects after alcohol are associated with greater preference for alcohol in a choice test [38] . However, until now, the neurobiological mechanisms underlying individual differences in stimulant responses were unknown. Here we show that striatal BOLD signal directly correlates with stimulant responses, thus identifying a neural correlate of alcohol-induced stimulation. Although future studies are needed to determine the degree to which alcohol effects in the striatum predict severity of alcohol use, it is possible that greater striatal activity following alcohol may be a biological mechanism that increases risk for AUD. Given the observed link between alcohol effects on striatal activity and subjective ratings of stimulation, it will be important for future studies to examine the factors that influence individual differences in striatal sensitivity to alcohol. One likely candidate is variability due to genetic factors. Indeed, Ramchandani et al. [39] found that variation in the mu opioid receptor gene predicted magnitude of dopamine release in the striatum following an acute dose of alcohol. Another potential candidate is the dopamine D2 receptor system. Individual variation in striatal D2 receptors has been linked to the subjective effects of both alcohol and stimulant drugs [6, 40] , and this association is likely mediated by druginduced activity in the striatum. In addition, there could be variability in the effects of alcohol in the striatum within individuals. For instance, striatal activity following alcohol may differ across the menstrual cycle, as estradiol levels are directly linked to striatal dopamine activity [41] . Finally, it is possible that the link between striatal activity and stimulation may be due to upstream modulation and/or downstream consequences of activity in other brain regions. Future studies using functional connectivity and network analyses might help to identify networks of regions involved in subjective experiences of alcohol stimulation. Studies testing these possibilities will provide important information regarding who might be at increased biological risk for alcohol-related problems.
In addition, whole brain exploratory analyses identified the insula, cingulate gyrus, and superior and middle temporal gyri as regions related to stimulation ratings following alcohol. The insula is strongly implicated in interoception and awareness, and it receives direct incentive signals from the striatum, among other regions, which contribute to awareness of hedonic conditions [42, 43] . Thus, it is not surprising that activity in this region is correlated with subjective responses to alcohol. The insula is also an integral part of the Salience Network, along with the anterior cingulate and striatum. Our finding that activity in these regions is correlated with alcohol-induced stimulation suggests that individuals who experience greater stimulating, rewarding effects from alcohol perceive these effects as more salient, potentially leading to greater likelihood of ongoing and future alcohol consumption. Regarding the superior and middle temporal gyri, prospective studies show that both gray matter volume and BOLD activation in these regions predict the development of alcohol-related problems [44] [45] [46] . Although speculative, it could be that altered structure or function of the temporal cortex puts individuals at risk in part because they experience greater alcohol-induced stimulation.
It is not clear why correlations were not observed between BOLD signal and sedation ratings. One possibility is that we did not select the correct VOIs to identify associations with sedation. However, we also did not observe any associations in the exploratory whole brain analyses, suggesting that the sedative effects of alcohol might not be localized to specific brain regions or networks of regions, but rather reflect a general decrease of activity throughout the brain [47] . It is also possible that the lack of findings are due to the relatively small magnitude of alcohol effect on sedation ratings. This could be due in part to the lack of a clear definition of sedation. Participants were given two additional descriptors (i.e., "slow thoughts, sluggish"), but these may have been insufficient. It will be important for future studies to examine neural correlates of sedative effects in individuals who report pronounced sedation following alcohol.
This study has several limitations. First, we did not assess changes in cerebral blood flow (CBF) following alcohol. Given that alcohol increases brain perfusion [48, 49] we cannot disambiguate whether the observed findings reflect changes in neuronal activity per se, or non-specific, vasoactive changes in CBF. Future studies should incorporate CBF measurements in order to disentangle these alternatives [49] . Second, we cannot fully rule out the influence of expectancy effects on our results, as over half of the sample correctly guessed when they had received alcohol and placebo. Third, it is unfortunate that we did not obtain a measure of impulsive behavior, as stimulating drug responses have been related to impulsive behavior [50, 51] . Fourth, we focused on intra-subject analyses to determine the degree to which BOLD signal tracked subjective response across the full time course of alcohol exposure within individuals. It will be important for future studies to examine intersubject correlations to determine the degree to which BOLD signal correlates with subjective response between individuals as well. Finally, we did not control for smoking status, as smoking was low (N = 8) and infrequent (<5 cigarettes per day). It will be important for future studies to investigate the effects of nicotine satiation and withdrawal on alcohol effects in the brain in smokers.
In sum, this study provides the first direct evidence of a neurobiological mechanism underlying individual differences in sensitivity to the stimulant effects of alcohol in humans. These findings are an important first step towards identifying neural mechanisms underlying alcohol reward sensitivity, and therefore increased risk for alcohol use disorders. Ultimately, it is hoped that such an understanding will lead to targeted prevention and treatment efforts for AUD.
